A novel bacterial strain, T , was isolated from sediment soil of a crater lake, Baekrokdam, Hallasan, Jeju, Republic of Korea. Cells of strain Back-11 T were Gram-stain-positive, motile, endospore-forming, rod-shaped and oxidase-and catalase-positive. It contained anteiso-C 15 : 0 as the major fatty acid, menaquinone-7 (MK-7) as the predominant isoprenoid quinone, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and four unidentified aminophospholipids as the main polar lipids, and meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan. The DNA G+C content was 45.3 mol%. Phylogenetic analysis, based on 16S rRNA gene sequencing, showed that strain Back-11 T was most closely related to Paenibacillus taihuensis THMBG22 T (95.5 % similarity) and fell into a clade in the genus Paenibacillus. On the basis of phylogenetic, chemotaxonomic and phenotypic data, strain Back-11 T represents a novel species in the genus Paenibacillus, for which the name Paenibacillus baekrokdamisoli sp. nov. is proposed. The type strain is Back-11 T (5KCTC 33723 T 5CECT 8890 T ).
The genus Paenibacillus was proposed by Ash et al. (1993 Ash et al. ( -1994 , for members of '16S rRNA group 3' bacilli, on the basis of phylogenetic analysis of 16S rRNA gene sequences. At that time, the genus Paenibacillus comprised 11 species: Paenibacillus polymyxa (type species of the genus Paenibacillus), P. alvei, P. gordonae, P. larvae, P. pulvifaciens, P. macerans, P. azotofixans, P. pabuli, P. macquariensis, P. amylolyticus and P. validus. However, at the time of the present writing, the genus Paenibacillus contained 174 species with validly published names (http://www.bacterio.net/paenibacillus.html; Euzéby, 1997). Most recently, there have been validated several species of the genus Paenibacillus isolated from various environmental habitats including soils (P. ferrarius Cao et al., 2015; P. shenyangensis Jiang et al., 2015 ; P. swuensis Lee et al., 2014) , marine sediment (P. abyssi Huang et al., 2014) , duckweed (P. lemnae Kittiwongwattana & Thawai, 2015) and tobacco (P. nicotianae . Members of the genus Paenibacillus are aerobic, Gram-stain-positive, endospore-forming, motile, rod-shaped bacteria that have anteiso-C 15 : 0 as the major fatty acid, meso-diaminopimelic acid (meso-DAP) as the diamino acid in the peptidoglycan and menaquinone-7 (MK-7) as the predominant isoprenoid quinone (Ash et al., 1993 (Ash et al., -1994 . The G+C content? of the DNA is 39-59 mol% (Shida et al., 1997; Ueda et al., 2013) .
Baekrokdam of Hallasan Mountain (1950 m above sea level), Jeju, is the highest crater lake in the mountains of the Republic of Korea. During an investigation of the bacterial diversity of sediment soil of this crater lake, strain Back-11 T was isolated. The collected samples were serially diluted in sterile distilled water and 100 ml of each serial dilution was spread on one-tenth-strength R2A agar (BD). These plates were incubated at 25 8C for 4 weeks. Isolated strain T was maintained at 270 8C in glycerol/water suspensions (20 %, v/v) . For comparative studies, P. polymyxa KCTC 3627 T , Paenibacillus sacheonensis KACC 14895 T and Paenibacillus taihuensis CGMCC 1.10966
T were used. Cultivation tests of strain Back-11 T and the reference strains were done on R2A agar, one-tenth-strength R2A agar, tryptic soy agar (TSA; BD) and nutrient agar (NA; BD). For most experiments, strain T and the reference strains were cultivated on R2A agar at 25 8C for 3 days, unless stated otherwise.
The extraction of genomic DNA and PCR amplification and sequencing of the 16S rRNA gene were done as described by Lee et al. (2011) . A comparison of the 16S rRNA gene sequences of strain T and reference strains retrieved from the EzTaxon server (http://eztaxone.ezbiocloud.net/) and GenBank/EMBL/DDBJ was carried out. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) algorithms with Jukes-Cantor calculation model (Jukes & Cantor, 1969 ) using the MEGA 6 program (Tamura et al., 2013) . The robustness of the topology was evaluated by bootstrap analysis based on 1000 replicates (Felsenstein, 1985) . The DNA G+C content was determined by reversed-phase HPLC according to Tamaoka & Komagata (1984) .
Analysis of the phenotypic characteristics of strain Back-11 T followed the minimal standards for the description of new taxa of aerobic, endospore-forming bacteria as recommended by Logan et al. (2009) . Gram-staining was performed using Hucker's modification (Lányí, 1987) . The observation of cell morphology and motility was carried out under a phase-contrast microscope (Eclipse 80i; Nikon) and using the hanging-drop technique (Skerman, 1967) , respectively. Flagella were observed by using a model CM-20 transmission electron microscope (Philips) after negative staining with 1 % (w/v) uranyl acetate. Anaerobic growth was determined after incubation in a GasPak anaerobic system (BBL) on R2A agar for 1 week. The range for growth in the presence of 0.5, 1, 2, 3, 4 and 5 % (w/v) NaCl, at 5, 10, 15, 20, 25, 30, 37, 45 and 50 8C and at pH 4.0-10.0 (in increments of 0.5 pH units) was determined. Clark and Lubs buffers were used to adjust the pH, as previously described (Bower & Bates, 1955) . Phenotypic characteristics were determined using API 20NE, API ZYM and API 50CH (with CHB/E medium) galleries according to the instructions of the manufacturer (bioMérieux). The activity of catalase and oxidase was tested using production of bubbles after the addition of a drop of 3 % H 2 O 2 and by the oxidase reagent (bioMérieux), respectively.
For chemotaxonomic analysis, strain T and the reference strains were cultivated on R2A agar at 25 8C for 3 days. Analysis of fatty acid methyl esters was performed as described by Sasser (1990) , using MIDI with the TSBA database version 6.1. For analysis of fatty acid profiles, cells of strain T and the reference strains were grown on R2A agar at 25 8C for 3 days. Isoprenoid quinones and the diamino acid in the cell-wall peptidoglycan were determined as described by Schleifer & Kandler (1972) and by Shin et al. (1996) , respectively. Polar lipids were analysed according to Minnikin et al. (1977) , and the spots were identified by spraying with 10 % phosphomolybdic acid in ethanol (Sigma P4869), a-naphthol and ninhydrin.
The nearly complete 16S rRNA gene sequence (1477 nt) of strain T was determined and compared with the reference sequences of the genus Paenibacillus. The phylogenetic trees reconstructed using three tree-making algorithms (neighbour-joining, maximum-parsimony and maximum-likelihood) showed that strain Back-11 T formed a robust cluster (with a bootstrap value of 100 %) within the genus Paenibacillus (Fig. 1 ). 16S rRNA gene sequence similarity calculations showed that strain Back-11 T was related most closely to Paenibacillus taihuensis THMBG22 T (95.5 %) but shared less than 95.4 % similarity to other representative members of the genus Paenibacillus. The DNA G+C content of Back-11 T was 45.3 mol%.
Strain T formed creamy white, circular, convex, semi-translucent and smooth colonies on R2A agar after 3 days at 25 8C. Cells were Gram-stain-positive, oxidasepositive, catalase-positive, motile rods. Transmission electron microscopy of strain Back-11 T revealed peritrichous flagella (Fig. S1a , available in the online Supplementary Material). Subterminal endospores were formed in swollen sporangium (Fig. S1b) . No growth was observed under anaerobic conditions. The strain grew at temperatures ranging from 10 to 30 8C (optimum, 25 8C), at pH 6.0-9.0 (optimum pH 7.0) and with 0-1 % (w/v) NaCl on R2A agar. Strain Back-11 T grew well on R2A agar, one-tenthstrength R2A agar, NA and TSA. Best growth for strain T and the reference strains was observed on R2A agar. Strain Back-11 T was clearly differentiated from P. polymyxa KCTC 3627 T , P. sacheonensis KACC 14895 T and P. taihuensis CGMCC 1.10966 T based on differences in several phenotypic characteristics. Detailed phenotypic characteristics are presented in the species description and Table 1.
The major cellular fatty acid of strain T and the reference strains was anteiso-C 15 : 0 . Strain Back-11
T had a higher amount of anteiso-C 15 : 0 than the other reference strains. C 16 : 1 v7c alcohol and C 16 : 1 v11c were found in P. polymyxa KCTC 3627 T , in contrast to strain Back-11 T , P. sacheonensis KACC 14895 T and P. taihuensis CGMCC 1.10966 T . A comparison of the fatty acid profiles of strain T and the reference strains is shown in Table 2 . The polar lipids of strain Back-11 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and four unidentified aminophospholipids as determined by spraying with 10 % phosphomolybdic acid in ethanol (Sigma P4869) (Fig. S2a) . In strain Back-11 T , phosphatidylethanolamine and four unidentified aminophospholipids were detected by spraying with ninhydrin reagent (Fig. S2b) , but no glycolipid was detected by spraying with a-naphthol reagent (Fig. S2c) . P. sacheonensis KACC 14895 T and P. taihuensis CGMCC 1.10966 T showed almost the same result except as regards glycolipids. In P. sacheonensis KACC 14895 T and P. taihuensis CGMCC 1.10966 T , the position of four unidentified aminophospholipids was different from that of strain Back-11 T . P. taihuensis CGMCC 1.10966 T had two unknown glycolipids, as revealed by spraying with a-naphthol reagent (Fig. S2c) . However, P. polymyxa KCTC 3627 T had diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidyl-N-methylethanolamine, four unidentified phospholipids, an unidentified aminophospholipid and an unidentified glycolipid. The pattern of polar lipids of P. polymyxa KCTC 3627
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Paenibacillus wooponensis WPCB018 T (EU939687)

Paenibacillus humicus PC-147 T (AM411528)
Paenibacillus pasadenensis SAFN-007 T (AY167820)
Paenibacillus abyssi SCSIO N0306 T (KC978082)
Paenibacillus algorifonticola XJ259 T (GQ383922)
Paenibacillus prosopidis PW21 T (FJ820995)
Paenibacillus castaneae Ch-32 T (EU099594)
Paenibacillus endophyticus PECAE04 T (KC447384) Paenibacillus xinjiangensis B538 T (AY839868)
Paenibacillus lupini RLAHU15 T (KF769449)
Paenibacillus polymyxa ATCC 842 T (AFOX01000032)
Paenibacillus thailandensis S3-4A T (AB265205)
Paenibacillus harenae B519 T (AY839867)
Paenibacillus quercus 1-25 T (JX409872)
Paenibacillus granivorans A30 T (AF237682)
Paenibacillus pinisoli NB5 T (KC415175)
Paenibacillus agaridevorans DSM 1355 T (AJ345023)
Paenibacillus agarexedens DSM 1327 T (AJ345020)
Paenibacillus glycanilyticus DS-1 T (AB042938)
Paenibacillus catalpae D75 T (HQ657320)
'Paenibacillus gorillae' G1 (JX650054)
Nocardioides albus KCTC 9186 T (0AF004988)
Paenibacillus baekrokdamisoli Back-11 (=KCTC 33723 T )(LC082229) Fig. 1 . Phylogenetic tree based on 16S rRNA gene sequences, reconstructed with the neighbour-joining method, showing the position of strain Back-11 T among related taxa within the genus Paenibacillus. Numbers at nodes are levels of bootstrap support (.45 %) based on 1000 resamplings. Filled circles indicate nodes that were also found with the maximum-likelihood and maximum-parsimony algorithms. Open circles indicate nodes that were also found with the maximum-parsimony algorithm. Nocardioides albus KCTC 9186 T was used as an outgroup. Bar, 0.02 substitutions per nucleotide position.
different from those of strain Back-11 T and the two other reference strains, P. sacheonensis KACC 14895 T and P. taihuensis CGMCC 1.10966 T . Strain Back-11
T contained MK-7 as the predominant isoprenoid quinone and meso-DAP as the diagnostic diamino acid in the cell-wall peptidoglycan (Fig. S3) , consistent with the members of the genus Paenibacillus.
Based on phylogenetic, physiological, biochemical and chemotaxonomic characteristics, strain T is considered to represent a novel species within the genus Paenibacillus, for which the name Paenibacillus baekrokdamisoli sp. nov. is proposed.
Description of Paenibacillus baekrokdamisoli sp. nov.
Paenibacillus baekrokdamisoli (baek.rok.da.mi.so9li. Kor. n. Baekrokdam a crater lake in Korea; L. n. solum soil; N.L. gen. n. baekrokdamisoli from soil taken at Baekrokdam lake).
Cells are strictly aerobic, Gram-stain-positive, motile rods with peritrichous flagella (0.9-1.5|2.4-3.3 mm) and form subterminal endospores in swollen sporangium. Forms creamy white colonies that are circular, convex, semi-translucent and smooth on R2A agar. Oxidase-and catalase-positive. Growth occurs at 10-30 uC (optimum 25 uC), at pH 6.0-9.0 (optimum pH 7.0) and in the presence of 0-1 % (w/v) NaCl. In API 20NE tests, positive for nitrate reduction, glucose fermentation, hydrolysis of aesculin, b-galactosidase and assimilation of glucose, arabinose, mannose and maltose, but negative for indole production, arginine dehydrolase, urease, gelatin hydrolysis Growth at 37 8C 2 + + + Growth NaCl range (%, w/v) 0-1 0-1 0-0.5 0-4 Reduction of nitrate potassium gluconate, potassium 2-keto-gluconate or potassium 5-keto-gluconate. The major fatty acid is anteiso-C 15 : 0 . The predominant isoprenoid quinone is MK-7. The diagnostic diamino acid in the cell-wall peptidoglycan is meso-DAP. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and four unidentified aminophospholipids.
The type strain is Back-11 T (5KCTC 33723 T 5CECT 8890 T ), isolated from sediment soil of a crater lake, Baekrokdam, Hallasan, Jeju, Republic of Korea. The DNA G+C content of the type strain is 45.3 mol%.
